MULTI-UNIT CENTRALIZER 
Field of the Invention 

The present invention relates to centralizers for centering a tubing string in a well bore. More 
particularly, the present invention relates to a multi-unit centralizer which is easy to assemble and 
disassemble on a tubing string and is adaptable to tubing strings of various design. 

Background of the Invention 

In water wells, oil wells and gas wells, a subterranean well bore extends beneath the ground 
to a supply of water, oil or gas which is extracted to the ground surface, typically to supply a home 
or business. A well casing typically lines the well bore. The water, oil or gas is pumped from the 
subterranean source to the ground surface through a tubing string which extends downwardly through 
the well bore. The tubing string typically includes multiple subunits which are connected to each 
other by couplings in the assembled tubing string. 

In positioning the tubing string in the well bore, it is frequently desirable to maintain the tubing 
string in the center of the bore, or at least spaced from the well casing or interior well surface, to 
facilitate unhindered passage of packing material, for example, into the well, between the casing or 
interior surface of the well and the tubing string. For this purpose, centralizers having outwardly- 
extending projections are frequently placed on the tubing string to contact the well casing or interior 
surface of the well and maintain the tubing string typically in the approximate center of the well bore. 
However, many centralizers of conventional design are difficult to assemble on the tubing string in 
the field. Thus, a centralizer is need which is versatile and is easy to assemble in place on a tubing 
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string. 


Summary of the Invention 
The present invention is generally directed to a multi-unit centralizer having a centralizer hub 
which includes multiple hub subunits that are placed around a tubing string. At least one spacer lug 
removably engages each hub subunit and extends outwardly therefrom to contact the interior surface 
or casing of a water, oil or gas well bore and position the tubing string in a central or off-center 
position in the bore as the tubing string is extended into the bore. The centralizer may include 
multiple, interchangeable spacer lugs of various sizes and a selected one or ones of which can be 
removably fitted on a corresponding one of the hub subunits, depending on the size of the well bore 
or casing in which the tubing string is to be centralized or otherwise positioned. 

Brief Description of the Drawings 
The invention will now be described, by way of example, with reference to the accompanying 
drawings, in which: 

FIG. 1 is an enlarged perspective view of an illustrative embodiment of the multi-unit 
centralizer of the present invention, taken along section line 1 of the perspective view in FIG. 2; 

FIG. 2 is a perspective view of a tubing string extending into a subterranean well bore (in 
section), with one multi-unit centralizer of the invention assembled on the tubing string and positioned 
in the well bore and a second multi-unit centralizer being assembled on the tubing string above the 
well bore and beneath a rotary table (shown schematically) used to assemble the tubing string 
typically in conventional fashion; 
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FIG. 3 is a perspective view of a multi-unit centralizer of the present invention, assembled on 
a tubing string (partially in section); 

FIG. 4 is a top view of an illustrative embodiment of an assembled multi-unit centralizer of 
the present invention, fitted with three spacer lugs of equal size; 

FIG. 5 is a top view of a tubing string extending into a well bore, with the multi-unit 
centralizer mounted on the tubing string and centralizing the tubing string in the well bore; 

FIG. 6 is a top view of an assembled multi-unit centralizer, fitted with three spacer lugs of 
unequal size; 

FIG. 7 is a top view of a tubing string positioned in a well bore, with the multi-unit centralizer 
of FIG. 6 assembled on the tubing string and positioning the tubing string in an off-center position 
in the well bore; 

FIG. 8 is a side view of the assembled multi-unit centralizer; 

FIG. 9 is a side view of a small-sized, interchangeable spacer lug for the multi-unit centralizer; 
FIG. 10 is a side view of a medium-sized, interchangeable spacer lug for the multi-unit 
centralizer; 

FIG. 11 is a side view of a large-sized, interchangeable spacer lug for the multi-unit 
centralizer; 

FIG. 12 is a top view of a hub subunit of an illustrative embodiment of the multi-unit 
centralizer, illustrating a dovetail flange provided on a spacer lug for slidably and removably engaging 
a companion-shaped dovetail flange groove provided in the hub subunit; 

FIG. 13 is an exterior view of a pair of hub subunits of the multi-unit centralizer; 

FIG. 14 is an exploded side view of a hub subunit and spacer lug elements of the multi-unit 
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centralizes illustrating removable engagement of the spacer lug with the hub subunit; 

FIG. 1 5 is a perspective view of a pair of band clamps suitable for assembling the multi-unit 
centralizer; and 

FIG. 16 is an exploded, perspective view of a multi-unit centralizer of the present invention. 

Detailed Description of the Invention 

The present invention is generally directed to a multi-unit centralizer which is assembled on 
a tubing string to centralize or otherwise position the tubing string in a desired location with respect 
to the interior surface or casing of a subterranean well bore. The multi-unit centralizer is particularly 
suitable for centralizing or positioning a tubing string in a subterranean water well for the extraction 
of water from the well to the ground surface. However, the multi-unit centralizer is equally adaptable 
to centralizing or positioning tubing strings in oil or gas wells for the extraction of oil or gas, 
respectively, to the ground surface. 

Referring initially to FIGS 1-3 of the drawings, an illustrative embodiment of the multi-unit 
centralizer of the present invention is generally indicated by reference numeral 1. The multi-unit 
centralizer 1 includes a multi-piece centralizer hub 2 that is assembled from at least three substantially 
similar or identical hub subunits 3, as illustrated in FIGS. 1 and 3 and hereinafter described in detail. 
At least one spacer lug 12 is removably attached to each of the hub subunits 3, as will be hereinafter 
described. The hub subunits 3 and spacer lugs 12 may be a plastic such as PVC (polyvinyl chloride), 
in non-exclusive particular, or may alternatively be a metal or other suitable material. 

Briefly, as shown in FIGS. 1 and 2, the multi-unit centralizer 1 is assembled on a tubing string 
25 which is then lowered into a subterranean well bore 29 to extract water, oil or gas from the well 


bore 29. The multi-unit centralizer 1 centralizes the tubing string 25, or alternatively, positions the 
tubing string 25 in a selected off-center location, with respect to a well casing 30 or interior surface 
of the well bore 29, as needed. Accordingly, an annulus 3 1 is defined between the tubing string 25 
and the well casing 30 or interior surface of the well bore 29 to facilitate the passage of packing 
material 32, for example, into the well bore 29, as will be hereinafter described in detail. 

Referring next to FIGS. 4 and 12-16, each hub subunit 3 of the centralizer hub 2 includes a 
concave inner surface 4 and a convex outer surface 5, as illustrated in FIG. 12. The curvature of the 
concave inner surface 4 substantially matches the outer curvature of the tubing string 25 (FIG. 2) 
which is to be centralized or otherwise positioned in the well bore 29. Accordingly, because the 
diameters of tubing strings 25 vary, the curvature of the concave inner surface 4 of each hub subunit 
3 will vary depending on the particular application. As further illustrated in FIG. 12, in the case of 
the centralizer hub 2 having three hub subunits 3, the opposite edges 3a of each hub subunit 3 are 
typically disposed at an angle of about 120 degrees with respect to each other. 

As further illustrated in FIG. 12, at least one elongated dovetail flange groove 6 extends 
longitudinally along each hub subunit 3 and is defined typically by and between a pair of inwardly- 
facing, adjacent slot flanges 7 that extend from the convex outer surface 5. A flat slot seat 8 typically 
extends between the slot flanges 7 in each flange groove 6. As illustrated in FIG. 16, each spacer lug 
1 2 includes an elongated, generally rectangular lug blade 1 7 having an outer edge 1 9. A dovetail lug 
flange 13 typically defines the opposite, inner or attachment edge of the lug blade 17. As illustrated 
in FIG. 1 2, the lug flange 1 3 typically includes a pair of flange wings 1 5 which project outwardly from 
the respective planar surfaces of the lug blade 1 7 and extend along the longitudinal dimension of the 
hub subunit 3. A flat flange face 14 is coextensive with and extends between the flange wings 15. 
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Accordingly, each spacer lug 12 is removably attached to the corresponding hub subunit 3 typically 
by slidably inserting the lug flange 13 of the spacer lug 12 in the companion flange groove 6 of the 
hub subunit 3. This causes the flange face 14 of the lug flange 1 3 to engage the flat slot seat 8 of the 
flange groove 6 and the flange wings 15 of the lug flange 13 to engage the respective slot flanges 7 
of the flange groove 6, as illustrated in FIG. 4. 

It will be appreciated by those skilled in the art that two or more of the flange grooves 6 may 
be provided in each of the hub subunits 3 to facilitate removable attachment of a corresponding 
number of multiple spacer lugs 12 on each hub subunit 3. It is understood that each flange groove 
6 and interlocking lug flange 13 may have a configuration which departs from the description 
provided hereinabove, and those elements may have any suitable complementary or interlocking 
configuration which is suitable for removably attaching each spacer lug 12 on the corresponding hub 
subunit 2. It is further understood that the present invention contemplates techniques other than the 
flange groove 6 and mating lug flange 13 to removably interlock and mount each spacer lug 12 on 
the corresponding hub subunit 3, as this purpose may be accomplished using any suitable technique 
known by those skilled in the art. 

As illustrated in FIG. 1 6 and hereinafter further described, the multiple hub subunits 3 are held 
together in the centralizer hub 2, and the spacer lugs 12 are removably secured to the respective hub 
subunits 3 of the centralizer hub 2, typically using a pair of standard or conventional, circular band 
clamps 20, although these purposes may be achieved using alternative techniques known by those 
skilled in the art. As illustrated in FIG. 15, each of the band clamps 20 may include an elongated, 
flexible, typically metal band 21 provided with a fastener socket 22 that receives a threaded fastener 
23. As particularly illustrated in FIGS. 13, 14 and 16, each of a pair of spaced-apart, elongated, 
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generally parallel clamp grooves 9 is provided in the outer surface 5 of each hub subunit 3. As 
illustrated in FIG. 14, registering band slots 7a extend through the respective slot flanges 7 of each 
hub subunit 3 and are disposed in registering relationship to the respective clamp grooves 9. As 
further illustrated in FIG. 14, each of a pair of spaced-apart clamp slots 16 extends typically through 
the lug flange 13 of each spacer lug 12. Accordingly, when the lug flange 13 of each spacer lug 12 
is slidably inserted in the companion flange groove 6 of the corresponding hub subunit 3, the clamp 
slots 16 in the lug flange 13 register with the respective band slots 7a and clamp grooves 9 of the hub 
subunit 3 . This slot-groove alignment or registration facilitates extension of the band 2 1 of each band 
clamp 20 through the appropriate set of clamp grooves 9 and registering band slots 7a and clamp 
slots 16, respectively, to both removably secure the hub subunits 3 together in the assembled 
centralizer hub 2 and removably secure each spacer lug 1 2 on the corresponding hub subunit 3. When 
the hub subunits 3 are held together by the band clamps 20 in the assembled hub 2, the edges 3a of 
adjacent hub subunits 3 abut against each other, as illustrated in FIG. 4. 

Referring next to FIGS. 4-1 1 of the drawings, it will be appreciated by those skilled in the art 
that the centralizer hub 2 may be fitted with interchangeable spacer lugs 1 2 of various sizes depending 
on the size of the annulus 3 1 (FIG. 5) between the tubing string 25 and the interior surface of the well 
bore 29 or well casing 30. As illustrated in FIG. 12, the spacer lugs 12 may vary in size among each 
other according to the radial dimension 24, or distance between the outer edge 19 and the lug flange 
13, of each. For example, as illustrated in FIGS. 8-11, the centralizer hub 2 may be fitted with 
relatively large spacer lugs 12a (FIG. 11), each having a large lug blade 17a; relatively small spacer 
lugs 12c (FIG. 9), each having a small lug blade 17c; or medium spacer lugs 12b (FIG. 10), each 
having a medium-sized lug blade 1 7b. The large spacer lugs 12a, medium spacer lugs 12b and small 
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spacer lugs 12c may represent parts of a continuum of possible sizes for the spacer lugs 12. The 
spacer lugs 12 of various sizes are interchangeable with each other on the centralizer hub 2 and are 
selected according to the size of the spacer lugs 12 needed to adequately centralize or otherwise 
position the tubing string 25 in the well bore 29. 

As illustrated in FIGS. 6 and 7, it will further be appreciated by those skilled in the art that 
spacer lugs 12 of various sizes may be provided on the same centralizer hub 2 to position the tubing 
string 25 in an off-center location in the well bore 29, as deemed necessary. For example, a large 
spacer lug 12a, a medium spacer lug 12b and a small spacer lug 12c may be provided on the 
centralizer hub 2, as illustrated in FIG. 6, to engage the interior surface of the well casing 30 and 
position the tubing string 25 in an off-center or non-central location in the well bore 29, as illustrated 
in FIG. 7. 

In typical application of the invention, one or multiple multi-unit centralizers 1 are assembled 
on a tubing string 25, which is then lowered into a subterranean well bore 29 that is typically lined 
with a well casing 30, as illustrated in FIG. 2. Accordingly, the tubing string 25 is assembled from 
multiple tubing string segments 26, adjacent ones of which are connected to each other by a coupling 
27. A rotary table 35 may be positioned above the well bore 29 to assemble the tubing string 
segments 26 into the tubing string 25 and lower the assembled tubing string 25 into the well bore 29, 
typically in conventional fashion. 

As further illustrated in FIG. 2, each multi-unit centralizer 1 may be assembled on the tubing 
string 25 beneath the rotary table 35 and above the well bore 29. Accordingly, assembly of the multi- 
unit centralizer 1 is begun typically by initially attaching the spacer lugs 12 to the respective hub 
subunits 3. This is accomplished typically by slidably inserting the dovetail lug flange 13 of each 
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spacer lug 12 into the companion dovetail flange groove 6 of the hub subunit 3, as illustrated in FIG. 
12, and aligning the clamp slots 16 of the spacer lug 12 with the respective band slots 7a and clamp 
grooves 9 of the hub subunit 3, as illustrated in FIG. 14. Next, as illustrated in FIG. 2, the hub 
subunits 3, each with at least one spacer lug 12 attached thereto, are placed around the tubing string 
25 and fastened to each other typically using the pair of band clamps 20. This is accomplished by 
detaching one end of the band 21 of each band clamp 20 from the fastener socket 22; extending the 
band 21 through the corresponding set of clamp grooves 9 and band slots 7a in the hub subunits 3 
and registering clamp slots 16 in the respective spacer lugs 12; re-inserting the free end of the band 
21 back into the fastener socket 22; and rotating the fastener 23 in the fastener socket 22 to tighten 
the band 21 and firmly seat the band clamps 20 in the corresponding set of clamp grooves 9 of the 
hub subunits 3, as illustrated in FIG. 8. As the band 21 of each band clamp 20 is tightened against 
the hub subunits 3 by rotation of the fastener 23, the edges 3a of adjacent hub subunits 3 firmly abut 
against each other in the assembled centralizer hub 2, as illustrated in FIG. 4. Accordingly, the band 
clamps 20 both secure the hub subunits 3 together and secure the spacer lugs 12 to the respective hub 
subunits 3 in the centralizer hub 2 of the assembled multi-unit centralizer 1 . As illustrated in FIG. 3, 
the assembled multi-unit centralizer 1 preferably has a diameter which is substantially equal to or less 
than that of the couplings 27 used to connect the tubing string segments 26 to each other in the tubing 
string 25, as indicated by the dashed lines. 

After the multi-unit centralizer 1 is assembled on the tubing string 25 in the manner heretofore 
described, the tubing string 25 is lowered into the well bore 29, as illustrated in FIG. 2. As illustrated 
in FIGS. 2 and 5, the outer edge 19 of the lug blade 17 on each spacer lug 12 contacts the interior 
surface of the well casing 30 and maintains the tubing string 25 in spaced relationship with respect 
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to the well casing 30. Accordingly, an annuhis 3 1 is defined between the tubing string 25 and the well 
casing 30, through which annulus 3 1 packing material 32, for example, may be passed to stabilize the 
tubing string 25 in the well bore 29, as illustrated in FIG. 2. When the tubing string 25 is in place in 
the well bore 29, water, oil or gas is pumped from the bottom of the well bore 29, through the tubing 
string 25 and to the ground surface, typically for use in homes or businesses. 

As heretofore described with respect to FIGS. 4 and 9-11, the size of the spacer lugs 12 
attached to the centralizer hub 2 is selected based on the diameter of the well bore 29 to ensure 
centralization or off-center positioning of the tubing string 25 in the well bore 29. In those cases in 
which the tubing string 25 is to be centralized in the well bore 29, spacer lugs 12 of equal size are 
attached to the centralizer hub 2, as illustrated in FIGS. 4 and 5. Alternatively, in the event that off- 
center positioning of the tubing string 25 in the well bore 29 is deemed necessary, as illustrated in 
FIGS. 6 and 7, spacer lugs 12a, 12b, 12c of different sizes may be attached to the centralizer hub 2 
for the purpose, as heretofore described. 

Each of the multi-unit centralizers 1 may be removed from the tubing string 25, as needed, 
by loosening the fastener 23 in the fastener socket 22 of each band clamp 20 and detaching one end 
of the band 21 from the fastener socket 22; removing the band 21 from the corresponding set of 
clamp grooves 9, band slots 7a and clamp slots 16, respectively; and disengaging the hub subunits 3 
from the tubing string 25 and from each other. The spacer lugs 12 can be removed from each 
corresponding hub subunit 3 typically by sliding the lug flange 13 of each spacer lug 12 from the 
corresponding flange groove 6 of the hub subunit 3. 

While the preferred embodiments of the invention have been described above, it will be 
recognized and understood that various modifications can be made in the invention and the appended 
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